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New SARS-CoV-2 Variants — Clinical, Public 
Health, and Vaccine Implications

To the Editor: Across the world, there are mul-
tiple variants of severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), the virus that causes 
coronavirus disease 2019 (Covid-19). SARS-CoV-2 
variants have been classified by the Centers for 
Disease Control and Prevention (CDC) as variants 
of interest, variants of concern, and variants of 
high consequence. Three new variants1 that 
have rapidly become dominant within their 
countries have aroused concerns: B.1.1.7 (also 
known as VOC-202012/01), 501Y.V2 (B.1.351), and 
P.1 (B.1.1.28.1).

The B.1.1.7 variant (23 mutations with 17 
amino acid changes) was first described in the 
United Kingdom on December 14, 2020; the 
501Y.V2 variant (23 mutations with 17 amino 
acid changes) was initially reported in South 
Africa on December 18, 2020; and the P.1 variant 
(approximately 35 mutations with 17 amino acid 
changes) was reported in Brazil on January 12, 
2021. By February 22, 2021, the B.1.1.7 variant 
had been reported in 93 countries, the 501Y.V2 
variant in 45, and the P.1 variant in 21.1 All three 
variants have the N501Y mutation, which chang-
es the amino acid asparagine (N) to tyrosine (Y) 
at position 501 in the receptor-binding domain 
of the spike protein. The 501Y.V2 and P.1 vari-
ants both have two additional receptor-binding–
domain mutations, K417N/T and E484K. These 
mutations increase the binding affinity of the 
receptor-binding domain to the angiotensin-con-
verting enzyme 2 (ACE2) receptor. Four key con-
cerns stemming from the emergence of the new 
variants are their effects on viral transmissibility, 
disease severity, reinfection rates (i.e., escape from 
natural immunity), and vaccine effectiveness 
(i.e., escape from vaccine-induced immunity).

The 501Y.V2 variant spread rapidly in South 
Africa, accounting for 11% of the viruses se-
quenced (44 of 392) in the first week of October 
2020, for 60% of those sequenced (302 of 505) 
in the first week of November 2020, and for 87% 
of those sequenced (363 of 415) in the first week 

of December 2020. In Western Cape, a South 
African province where the 501Y.V2 variant is 
predominant, a threshold of 100,000 cases of 
Covid-19 was reached approximately 50% more 
quickly in the second wave of infection than in 
the first wave (54 vs. 107 days). The 501Y.V2 vari-
ant has been estimated to be 50%2 more trans-
missible than preexisting variants in South Africa, 
and B.1.1.7 to be between 43% and 82%3 more 
transmissible than preexisting variants in the 
United Kingdom.

Hospital admission rates of diagnosed cases 
and the clinical profile of admitted patients were 
similar in the first and second waves in Western 
Cape. However, a preliminary analysis by the Na-
tional Institute of Communicable Diseases showed 
that the 501Y.V2 variant was associated with in-
hospital mortality that was 20% higher in the 
second wave in South Africa than in the first 
wave. This finding was due mainly to the great-
er transmissibility of this variant, which rapidly 
overburdened health services and thus compro-
mised timely access to hospital care and the 
quality of that care. Evidence from the United 
Kingdom indicates that the B.1.1.7 variant may 
be associated with a higher risk of death than 
preexisting variants in the United Kingdom.4 
Although there is no evidence that antiviral 
agents and antiinflammatory treatments are any 
less effective with the emerging variants than with 
the preexisting variants, treatment with conva-
lescent serum and monoclonal antibodies may 
not be as effective.

With regard to escape from natural immunity, 
the B.1.1.7 variant showed a modest decrease in 
neutralization activity, by a factor of 1.5, where-
as the 501Y.V2 variant showed complete escape 
from neutralizing antibodies in 48% of conva-
lescent serum samples (21 of 44) obtained from 
patients who had previously had Covid-19.5 A 
serendipitous finding from a vaccine trial in 
South Africa, in which 31% of the enrolled partici-
pants had previously been infected with SARS-



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med   nejm.org 2

Ta
bl

e 
1.

 S
um

m
ar

y 
R

es
ul

ts
 o

n 
SA

R
S-

C
oV

-2
 V

ac
ci

ne
 T

ri
al

 E
ff

ic
ac

y 
an

d 
V

ir
al

 N
eu

tr
al

iz
at

io
n 

of
 th

e 
B

.1
.1

.7
, P

.1
, a

nd
 5

01
Y.

V
2 

V
ar

ia
nt

s,
 a

s 
C

om
pa

re
d 

w
ith

 P
re

ex
is

tin
g 

V
ar

ia
nt

s.
*

V
ac

ci
ne

 (
C

om
pa

ny
)

Pr
ee

xi
st

in
g 

V
ar

ia
nt

s
N

eu
tr

al
iz

at
io

n 
by

 P
se

ud
ov

ir
io

n 
or

 L
iv

e 
V

ir
al

 P
la

qu
e 

A
ss

ay
Ef

fic
ac

y 
in

 S
et

tin
gs

 
w

ith
 5

01
Y.

V
2 

V
ar

ia
nt

Sa
m

pl
e 

Si
ze

Ef
fic

ac
y 

in
 P

re
ve

nt
in

g 
C

lin
ic

al
 C

ov
id

-1
9

Ef
fic

ac
y 

in
 P

re
ve

nt
in

g 
Se

ve
re

 C
ov

id
-1

9
B

.1
.1

.7
 V

ar
ia

nt
P.

1 
V

ar
ia

nt
50

1Y
.V

2 
V

ar
ia

nt

no
.

%
 (

no
. o

f e
ve

nt
s 

w
ith

 v
ac

ci
ne

 v
s.

 p
la

ce
bo

)
%

A
d2

6.
C

O
V

2.
S 

(J
oh

ns
on

 &
 

Jo
hn

so
n)

43
,7

83
66

 (
N

A
)

85
 (

N
A

)
N

A
N

A
N

A
57

†
, 8

5‡

B
N

T1
62

b2
 (

Pf
iz

er
)

34
,9

22
95

 (
8 

vs
. 1

62
)

90
 (

1 
vs

. 9
)

D
ec

re
as

e 
by

 2
×

D
ec

re
as

e 
by

 6
.7

×
D

ec
re

as
e 

by
 ≤

6.
5×

N
A

m
R

N
A

-1
27

3 
(M

od
er

na
)

28
,2

07
94

 (
11

 v
s.

 1
85

)
10

0 
(0

 v
s.

 3
0)

D
ec

re
as

e 
by

 1
.8

×
D

ec
re

as
e 

by
 4

.5
×

D
ec

re
as

e 
by

 ≤
8.

6×
N

A

Sp
ut

ni
k 

V
 (

G
am

al
ey

a)
19

,8
66

92
 (

16
 v

s.
 6

2)
10

0 
(0

 v
s.

 2
0)

N
A

N
A

N
A

N
A

A
Z

D
12

22
 (

A
st

ra
Z

en
ec

a)
17

,1
77

67
 (

84
 v

s.
 2

48
)

10
0 

(0
 v

s.
 3

)
N

A
N

A
D

ec
re

as
e 

by
 ≤

86
× 

to
 c

om
pl

et
e 

im
m

un
e 

es
ca

pe

22
§

N
V

X
-C

oV
23

73
 (

N
ov

av
ax

)
15

,0
00

89
 (

6 
vs

. 5
6)

10
0 

(0
 v

s.
 1

)
D

ec
re

as
e 

by
 1

.8
×

N
A

N
A

49
§

C
or

on
aV

ac
 (

Si
no

va
c)

¶

B
ra

zi
l

12
,3

96
51

 (
N

A
)

10
0 

(N
A

)
N

A
N

A
N

A
N

A

Tu
rk

ey
7,

37
1

91
 (

3 
vs

. 2
6)

N
A

N
A

N
A

N
A

N
A

B
B

IB
P-

C
or

V
 (

Si
no

ph
ar

m
)

N
A

79
 (

N
A

)
N

A
N

A
N

A
D

ec
re

as
e 

by
 1

.6
×

N
A

* 
 D

at
a 

w
er

e 
av

ai
la

bl
e 

up
 t

o 
M

ar
ch

 1
8,

 2
02

1.
 T

he
 d

ef
in

iti
on

s 
of

 m
ild

, m
od

er
at

e,
 a

nd
 s

ev
er

e 
co

ro
na

vi
ru

s 
di

se
as

e 
20

19
 (

C
ov

id
-1

9)
 v

ar
y 

ac
ro

ss
 t

he
 v

ac
ci

ne
 t

ri
al

s.
 A

 li
st

 o
f r

ef
er

en
ce

s 
as

so
ci

-
at

ed
 w

ith
 t

he
se

 v
ac

ci
ne

s 
is

 p
ro

vi
de

d 
in

 t
he

 S
up

pl
em

en
ta

ry
 A

pp
en

di
x,

 a
va

ila
bl

e 
w

ith
 t

he
 fu

ll 
te

xt
 o

f t
hi

s 
le

tt
er

 a
t 

N
EJ

M
.o

rg
. N

A
 d

en
ot

es
 n

ot
 a

va
ila

bl
e,

 a
nd

 S
A

R
S-

C
oV

-2
 s

ev
er

e 
ac

ut
e 

re
sp

i-
ra

to
ry

 s
yn

dr
om

e 
co

ro
na

vi
ru

s 
2.

†
  S

ho
w

n 
is

 t
he

 e
ffi

ca
cy

 o
f t

he
 v

ac
ci

ne
, a

s 
co

m
pa

re
d 

w
ith

 p
la

ce
bo

, a
ga

in
st

 m
od

er
at

e-
to

-s
ev

er
e 

C
ov

id
-1

9.
‡

  S
ho

w
n 

is
 e

ffi
ca

cy
 o

f t
he

 v
ac

ci
ne

, a
s 

co
m

pa
re

d 
w

ith
 p

la
ce

bo
, a

ga
in

st
 s

ev
er

e 
C

ov
id

-1
9 

an
d 

ho
sp

ita
liz

at
io

n.
§ 

 Sh
ow

n 
is

 e
ffi

ca
cy

 o
f t

he
 v

ac
ci

ne
, a

s 
co

m
pa

re
d 

w
ith

 p
la

ce
bo

, a
ga

in
st

 s
ym

pt
om

at
ic

 C
ov

id
-1

9.
¶

  D
at

a 
ar

e 
sh

ow
n 

se
pa

ra
te

ly
 fo

r 
th

e 
tr

ia
l s

ite
s 

in
 B

ra
zi

l a
nd

 T
ur

ke
y.



Correspondence

n engl j med   nejm.org 3

CoV-2, was that the incidence of Covid-19, as 
confirmed on polymerase chain reaction, was 7.9% 
among seronegative enrollees and 4.4% among 
seropositive enrollees in the placebo group. This 
finding indicates that previous infection with 
preexisting variants may provide only partial pro-
tection from reinfection with the 501Y.V2 variant.

With regard to escape from vaccine-induced 
immunity, the B.1.1.7 variant showed modest 
decreases in neutralizing activity in serum sam-
ples obtained from vaccinated persons (Table 1). 
The serum neutralizing activity for the 501Y.V2 
variant among vaccinated persons was lower by 
a factor of 1.6 to 8.6 for the BBIBP-CorV vaccine, 
the BNT162b2 vaccine, and the mRNA-1273 vac-
cine but was lower by a factor of up to 86, includ-
ing complete immune escape, for the AZD1222 
vaccine (Table 1). Neutralizing activity for the P.1 
variant among vaccinated persons was lower by 
a factor of 6.7 for the BNT162b2 vaccine and by a 
factor of 4.5 for the mRNA-1273 vaccine (Table 1). 
The clinical relevance of the lower neutralization 
activity for either mild or severe Covid-19 is not 
clear, but efficacy in clinical trials was lower for 
all three vaccines tested in the midst of trans-
mission of the 501Y.V2 variant in South Africa 
than efficacy in trials conducted in countries 
with preexisting variants. Efficacy was higher by 
a factor of 3.2 with the AZD1222 vaccine in the 
United Kingdom and Brazil than in South Africa 
(70% vs. 22%), higher by a factor of 1.8 with the 
NVX-CoV237 vaccine in the United Kingdom than 
in South Africa (89% vs. 49%), and higher by a 
factor of 1.3 with the Ad26.COV2.S vaccine in the 
United States than in South Africa (72% vs. 57%).

The emergence of these three new variants of 
concern highlight the importance of vigilance 
with genomic surveillance for the early identifi-
cation of future variants. Recently, two more 
SARS-CoV-2 variants, B.1.427 and B.1.429, which 

were first detected in California, have been shown 
to be approximately 20% more transmissible than 
preexisting variants and have been classified by 
the CDC as variants of concern. The potential of 
variants to escape naturally induced and vaccine-
induced immunity makes the development of 
next-generation vaccines that elicit broadly neu-
tralizing activity against current and potential 
future variants a priority. The suppression of viral 
replication with both public health measures and 
the equitable distribution of vaccines is critical in 
reducing the risk of generation of new variants.
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